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I. INTRODUCTION

This report describes the results of studies and experime;ﬁts on sample
collection and processing carried out during the period from October 2, 1962,
to June 2, 1963, under a Contract Supplement to JPL Contract No. 950123,
Microscopic System for Mars Study Program. The primary objective of this
experimental design-study program was the construction and testing of a
pneumatic sample-collection unit for use with a microscope or some other
Martian biological experiment. The secondary objective was the study and
determination of the most suitable liquid and flotation procedure for efficiently
separating and concentrating microbiological particles from mineral particles,

to facilitate their being viewed by a microscopic system.
The experimental sampler unit's design was based on

1) Concepts which evolved during the Mars microscope system
feasibility study;

2) Results from a preliminary experimental design study;
3) Reliability requirements;

4) Imposed (or desired) maximum sampler unit weight, power,
and size; '

5) Desired sample size and sampling’time;

6) Earth and simulated Martian environmental conditions at
which the unit must be tested;

7) Space conditions in which the unit must be transported;

8) Actual Martian conditions in which the unit is expected to

operate.

A sampler unit which generally satisfied all of the above criteria re-
sulted after ceriainassumptions were made and certain compromises were
incorporated into its design. By contractual agreement, our method of sam-
pling was to emphasize pneumatic techniques. The type of preliminary in-

formation required before designing a prototype unit was therefore 1) the
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best method of aerosolizing ground particulate material; 2) the size, size
distribution, and concentration of microorganisms in an aerosolized cloud;
3) the best methods of transporting and collecting air-borne particles in the
desired size; and 4) the system's power, weight, and volume requirements.
Information of this type was obtained both by calculation and by experimenta-

tion, and was used to establish the basic sampler's design criteria.

The design, construction, and testing of a preliminary sampler was fol-
lowed by design modification, construction, and testing of a prototype sam-
pler unit, which was delivered to JPL. Although this prototype unit is far
from a flight model, it does satisfy the requirements previously listed. For
example, the unit built for Earth testing sampled at a rate sufficient to pro-
vide a l-gram sample in 6 minutes, while traversing a dry sandy surface.
The Martian sampler unit, in its packaged state, will occupy about 1/20 cu ft,
would have a flight weight of under 2 1b, and would require about 5 w of power
to operate in a Martian environment. Furthermore, this unit can be adapted
to most biological experiments or to a density-processing device, can be re-
motely operated, and can reach out 10 ft from the sampler housing to acquire

the sample.

The study of sample-processing techniques has resulted in cur finding
a satisfactory flotation liquid and in our working out a laboratory flotation
procedure which appears amenable to automation, compatible with the sam-
pling unit, justifiable for a microscopic system, and which meets the power,
weight, and volume requirements of a Martian system. Sufficient laboratory
data have been obtained both to design a sample-processing system for the
sampling unit and to predict the performance obtainable from such a system
under a given set of vckonditions. For example: 1 gram of dust provided by
the sampling unit can be collected in 3 ml of fluorochemical, centrifuged at
24,000 rpm for 5 min in a 2-inch diameter chamber, overlayed with less
than 1 ml of water, and agitated slightly to give a relatively clear {90 percent
light transmission) overlay fraction containing from 10 to 90 percent (de-

pending on type of organism) of the microbiological material.



A brief summary of the study resulits and highlights, together with con-

clusions and recommendations constitute the body of this report.

A comprehensive account of the sampling unit's design and of the bio-
logical support study are contained in Appendixes A and B. A complete set

of shop drawings of the sampling unit are included as Appendix C.

II. SUMMARY AND CONCLUSIONS
A, Calculations

The information required to establish proper design parameters for a
pneumatic sample-collection unit includes flow rate and pressure-drop
characteristics of the system, performance characteristics of the blower,
and the quantity and size range of the particles to be collected. For this
program, the flow and pressure-drop characteristics of several systems
in the approximate range of interest were calculated. The final choice of
system parameters was then based on the performances of available blowers
and on the minimum particle size that must be collected to assure acquisition
of a majority of viable organisms initially present in the scil samples. Com-
putations were made for standard atmospheres of both Mars and Earth. Re-
sults for the Earth computations are presented in Figure 1. These data in-
dicate the total pressure drop versus air-flow rate and collected particle-

size range for the basic collection system, which is shown in Figure 2.

The performance curves of two blowers are superimposed on the operating
curves of Figure 1. The intersection of the curves indicates the particle size
range which the system will collect as a function of flow rate. Obviously,
these blowers do not develop sufficient pressure to operate a system designed

to collect particles less than about 4 microns in diameter.
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B. Aerosolization Studies

Since blowers having the desired physical dimensions and power con-
sumption could collect the larger particles from fairly large volumes of
air, the percentage of aerosolized viable organisms associated with these
larger particles (larger than about 4 microns) was determined. The re-
sults of several experiments conducted to determine this relationship in
aerosolized dusts are listed in Table I. These data show that a majority
of the organisms aerosolized from dry unfertile soils are associated with
particles larger than 4 microns. Because a two-fold decrease in the col-
lected particle diameter requires about a four-fold increase in the system's
pressure drop or power, the remaining fraction of the organisms are pro-
hibitively expensive (i.e., it requires much less power to collect 50 percent

of the organisms from 10 cu ft than to collect 100 percent from 5 cu ft).

Table I. Microorganism-Particle Size Relationship Obtained
by Aerosolizing Various Dry Soils

Count per Particle Size Interval

Type of
4

Soil >10pu  6-10p 4-6 2-4 u 1-2 <1lwu Count
Sand No. 1 47 24 15 11 5 0 102
Sand No. 2 420 160 97 24 14 20 735
Gravel 84 221 185 91 13 10 604
Asphalt 31 15 7 6 12 5 76
Mulch 53 72 61 93 326 516 1121
Field Soil 48 36 18 16 5 8 131

-6 -



C. Component Testing

A preliminary test program was performed concurrently with the cal-

- culation phase to evaluate commercially-available hardware and to test pro-

mising design ideas. One significant result of this program was the acquisi-
tion of a small, high-speed motor, which, when teamed with a previously-
acquired vane-axial blower, provided sufficient pressure and flow capacity
to operate a collection system at Martian atmospheric conditions while
drawing only 5 w of power. This is well within the power-requirement limits

set by the original work statement.

A second point of significance was the development of a very satisfactory
aerosolizer-transport tube assembly. These tubes were fabricated by covering
helical coil springs with lightweight coated fabric or Mylar. The 10-ft long

tubes, when packaged in their normal concentric operating positions, can be

"compressed into a package less than 2.5 inches in diameter and 2. 5 inches

long. This was a major factor in achieving minimum package volume and
g J : P

weight.

Another important concept was the utilization of the blower's effluent to
inflate a pneumatic device. Through proper design, blower pfessure can be
utilized at the expense of very little power to pressurize ar inflatable structure
suitable for use as an activation, orientation, or locomotion device. This idea

led to using inflatable tires for a mobile aerosolizer-sampler unit.
D. Design Parameters

The preliminary calculation and test phase culminated with establishment
of the parameters (listed in Table II) that were needed to design a collection
system for Earth conditions capable of collecting particles with diameters in

the size range from 5 to 400 microns.



Table II. Design Parameters for a Collector
Operating under Earth Conditions

Flow Rate 15 c¢fm
Pressure Head 2 inches HZO
Transport Tube Diameter 1. 3 inches
Effluent Tube Diameter 2.3 inches
Impactor Nozzle Diameter 2.0 cm

E. Design Study

We were uncertain about how well the sampling unit would function. A
breadboard model was therefore built and tested before the prototype sam-
pler was designed. This also allowed the hardware items and desi.gﬁ ideas
acquired in the preliminary phase to be combined and evaluated under sim-
ulated field conditions. The sampling unit was built to *re specification called

out in the previous section and employed a Benson vane-axial blower as its

prime air mover. The aerosolizer-collector assembly was mobilized by use of

inflatable tires that were driven by a small electric motor. The whole unit,
including the 10-ft long tubes (when expanded), was packaged in a 10-inch
long by 3-inch diameter cylinder.

Several tests were conducted to establish the performance characteris-
tics of this collector at earth condtions. The unit was found to be capable
of collecting 1 gram of particulate material in approximately 6 minutes.
Other tests indicated that this represented approximately 15 percent of the
particles introduced at the collection nozzle. Because the iotal quantity col-
lected was substantially more than originally anticipated, it did not appear

necessary to expend a great deal of effort to improve over-all efficiency,

The unit was also evaluated with respect to such mechanical functions
as packaging, ejection from the canister, sample handling, aerosolizer mo-
bility, and aerosolizer reliability. This qualita¥ive evaluation demonstrated
the need for additional design work on the aerosclizer's ejection mecltanism

and the mobile aerosolizer unit.



F. Sampling-Unit Design

A prototype sampling system was designed and fabricated from informa-
tion gathered in the preliminary work. During and after assembly, a num-
ber of newly-designed components were tested for mechanical performance
and modified where necessary. Figure 3 is a photograph of the system
showing the aerosolizer, transport tubes, cover and extraction assembly,
and the main housing. Figure 4 is an assembly drawing of the unit. An ex-

ploded view of the aerosolizer is presented as Figure 5,

In operation, a motor in the cover drives two jack screws by a chain and
sprocket arrangement. The screws, operating through ball nuts attached to
the housing, force the cover away from the housing. Two fingers attached ‘
to the cover extract the aerosolizer and transport tube and drop them to the

ground.

Effluent air from the blower {the outside tube) inflates the tires and is
then directed against the ground through the aerosclizer nozzle. Aerosolized
dust is drawn up the inner tube and collected by impaction or filtration in the
collection stage. An impactor stage is the desired and intended method for
particle coliection, but for demonstration purposcs the impactor has been
replaced by a filter unit. The aerosolizer assembly is driven slowly over
the ground by an electric motor. No means or devi'ce is included in the
present sampler for transporting the collected sample to a processing or

biological test chamber.
G. Sampler Unit Evaluation

As mentioned, the prototype sampler was designed for test and evalua-
tion at earth conditions and was found to operate satisfactorily at those condi-
tions. The ultimate objective, of course, is to design and build a uni: that
will operate satisfactory under actual Martian conditions. Because of the dif-
ference in Martian and Earth gravities, the unit could only be tested at a

simulated Martian air density (100 mb pressure) and an Earth gravity,

4
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The test format paralleled as far as possible that used in testing the bread-
board model at standard conditions, to allow some type of data comparison.
These data are presented graphically in Figure 6. Depending on the type of
soil, the prototype collected from 5 to 25 percent as much soil at 1/10 at-
mosphere as the breadboard model did at standard conditions. This reduced
performance was expecfed for two reasons. First, a unit designed to oper-
ate on Earth is markedly different from one designed to work on Mars. Sec-
ondly, a unit designed to work on Mars but tested on Earth, would collect about
one-third the dust sample on Earth because of the three-fold higher gravity.
When the gravity difference plus the off-design operation of the Earth unit in
a Martian air density is considered, the collection rate for a sampler on Mars

would be as great or greater than that for an Earth unit at standard conditions.

Low power requirement for a sampler operating on Mars was exemplified
by reduced-pressure testing of the unit fitted with a motor-blower designed

for Martian conditions. The measured motor power input was about 5 w.
H. Biological Support Study

During the course of this project extension, the biological laboratory car-
ried out several investigations directly applicable to the design of sample-

processing apparatus.

One area which received fairly intense investigation involved the evalua-
tion of various high-density fluids that could be used for separating biclogical
material from dusts and soils by flotation. Twenty-eight fluids were tested
against the criteria that density flotation should simultaneously accomplish
both separation of biological from nonbiological particles (purification) and
retention of the biological fraction in a relatively small portion of liquid (con-
centration). These criteria are in addition to those imposed on the fluids by

their intended use in the Martian environment.

A number of different laboratory techniques were used to evaluate the

fluids including culturing and microscopy.

- 13 -
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The results of these tests suggest that there are several feasible ways
in which flotation may be incorporated into a purification-concentration sys-

tem for biological particles. For large entities such as rust spores, simple
mixing of the aerosol with (or collecting the aerosol in) any fluid with pro-
per density followed by a brief centrifuging period was sufficient to concen-
trate a purified biological fraction at the meniscus. For smaller microor-
ganisms, a dual-fluid system proved to be better. This involved adding a
small quantity of low-density liquid over the flotation fluid either before or
after centrifugation. The microorganisms tend to concentrate in the low-
density layer. One of the most significant aspects of this work involved the
investigation of two groups of promising high-density fluids, the fluorochem-
icals and the polymer oils (chlorotrifluoroethylene). We concluded that these
fluids could be applied to the problem of biological purification in a Martian

environment more readily than the other fluids tested.

Another interesting facet of this work was the determination of the mini-
mum quantity of flotation fluid which could be used to accomplish satisfactory
flotation. It was established that 3 ml of fluorochemical could be used to pro-
cess 1 g of soil, and that much of the microbiological material could be ex-
tracted with as little as 0. 01 ml HZO' Knowledge of this type is necessary
before development begins on a miniature apparatus for remote processing

of a sample.

Other investigations were conducted into the possibility of treating a col-
lected soil sample to release the microflora which are sometimes tightly at-
tached to the inorganic particles. Essentially, two basic treatments were
employed:. ultrasonic vibration, and detergents. It was possible tc increase
the viable count in the treated samples by a combiration of these techriques.
But the increased yields do not appear to be worth the additional expenditure
of energy in a power-limited Martian probe. Furthermore, socme trials
showed that these treatments must be carefully controlled to prevent *he oc-

currence of germicidal effects.

- 15 -
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III, RECOMMENDATIONS

The following outline summarizes a number of tasks which are recom-
mended for inclusion in any subsequent program of pneumatic collection
and/or centrifugal purification and concentration.

1) Sample Transfer

Build apparatus for removing the colilected specimen from
the sampling unit and for transferring it to a processing or

evaluation device.

Sample Collector

oo
~—

a) Modify the sampler for and test it at Martian air density
and temperature and at Earth gravity.

b) Investigate the sample losses in the system, especially
at low pressure.

c) Consider desirability of two-stage axial-flow blower for
higher pressure ratic at low air density and a higher
over-all efficiency.

%_,ﬁ. d) Alter the design to allow more satisfactory packaging and
. ejection of the aerosolizer unit.

e) Improve aerosolizer mobility by redesigning the track
type vehicle or by designing a four-wheel pneumatic--
tire model.

7~ f) Test the sampler over lichen-covered rocks, sand con-
fined in a binding matrix (i. e., frozen moisture), and
other surfaces Lkely to be found on Mars. / Consider the™
esifability of ‘having mechanical attachment for pulver- |
K{ »ing and samplin surfaces. S

- e

. . T

‘Bf-*\.‘ g) Cons der sa,mpler modifications and compromises for a
one operating cycle system versus a many operating cycle
system.

3} Density-Gradient Studies
a) Make a liferature search to determine what work has been

done to establish a correlation between the density gra-
dient and organic content of soils.

/ . P r- VA SRS P
v, 7 : . . J

- 16 -



b)

Conduct a laboratory investigation directed toward de-
veloping a simple procedure for automatically deter-
mining the density gradient of a soil with sufficient reso-
lution to assure a reliable correlation between density
gradient and organic content.

Flotation

a)

b)

c)

Ceonduct a quantitative evaluation of the value of purifi-
cation and concentration by flotation, for use in micro-
scopic, enzymatic, and growth experiments.

Continue present series of flotation experiments but con-
fine them to the more promising fluids and techniques
established to date.

Build a miniature centrifuge, to be used with either the

sample-transfer device or the sample collector for both
density-gradient studies and purification-concentration

work.

-17 -
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APPENDIX A

DEVELOPMENT OF THE SAMPLING UNIT
I. INTRODUCTION

This appendix contains a detailed description of the effort that was de-
voted to development of the sampling unit. Data are presented in a gen-
erally chronological order as a means of illustrating the approach taken.
A majority of this appendix has been prepared by compiling information

previously presented in monthly progress reports.
II. PRELIMINARY CALCULATICNS
A. Basic Assumptions

Before designing a sample-collection system, we felt that we would have
to have some knowledge regarding sample size, performance characteristics
of the system's components, and magnitude of losses throughout the system.
Because some de-coff is usually possible between these parameters, it
was desirable to generate data of a general nature which could be evaluated
collectively to determine the best combination of sample size versus size,
weight, power consumption, and reliability of the sampling unit. Our pre-
liminary calculations were therefore devoted to determination of the flow
and pressure-drop characteristics of the collection system and to establish-
ment of basic design parameters. (Blower-performance checks are reported
later in Appendix A; particle-size experiments are presented in Appendix B. )
We had determined during our feasibility study of the problem that collection
could best be accomplished by aerosolizing surface materials with a high-
velocity air stream and collecting the particles thus generated on impaction
plates. We began our development program by reviewing the various factors

involved in this process.

2 2~



B. Transport of Particles

1. Air Velocity

A basic requirement for transporting a particle upward in a stream of
air is that the particle's drag force be greater than the gravitational force.

The drag force can be expressed by

3InuD V
P

Fp = —cb— (A-1)

where F_ = drag

u = air viscosity
Dp = particle diameter
V = air-stream velocity

Cunningham slip correction factor (can be assumed
equal to 1 for particles larger than 50 microns).
The gravitational force exer pherical particle can be expressed

by

_ =
Fg—mg——G— pD g (A-2)

where F gravitational force

o density of particle (assumed much larger than
P air density)

acceleration due to gravity.

g
Equating gravitational force and drag force to find the minimum upward

air velocity we have



By transposing and solving for velocity we obtain

PD ng

V= 8 1

Computations were made at particle diameters of 50, 100, 200, 300,

and 400 microns and the following values for Earth conditions:
DP = 1.2 g per cm3
g = 980 cm per sec;2
C=1
w=14x10"% dyne-sec per em?.
A sample velocity calculation for Earth (VE) was
2

4
_1.2x(50x 10 ) x 980 x 1

E 18x1.4x10°%

VE 11. 7 cm per sec = 23 fpm.

Similar computations were made for Mars conditions by substituting

these values:

1.2 g per cm3

p =

P

g = 380 cm per sec

C=1

w=1.6x10"% dyne-sec per cm®.

(A-3)

>4



A sample velocity calculation for Mars (VM) was

_42
=1.2x(50x10 ) x380x1

v
18x 1.6 x 10‘2I

M

Vim =3 96 cm per sec = 7. 8 fpm.

The results can be tabulated as follows:

Velacity
(fpm)
Particle Size
(microns) Earth - VE Mars - VM
50 23 7.8
100 92 31
200 368 125
300 827 280
400 1470 498

By examining the equation for velocity, it is possible to deduce the ef-
fect on particle size transported of varying particle density at a fixed air
velocity. A decrease in density by a given ratio will result in an increase

in particle size transported by the square root of the given ratio.

2. Tube Sizes at Various Flow Rates

The expression for calculating the tube diameter Dt is

P To!
Dt-12 e

B}

where D diameter of tube (inch‘és)

O
0

air flow rate (cfm)

<
i

air velocity (fpm).
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This equation is readily obtained from the basic relationship that flow

rate equals velocity times cross-sectional area, assuming a noncompressible

fluid. The assumption is q;éite_valid in this case because pressure drops are

very small in relation to total atmospheric pressure.

Tube diameters were calculated for flow rates of 5, 10, and 20 cfm and
for all of the velocities tabulated previously. These results are presented

graphically in Figure A-1.
C. Impaction

The technique of collecting a sample of particles larger than a given par-
ticle- size cutoff has been discussed in previous reports. The effort reported
here is the determination of the relationship between particle-size cutoff, noz-
zle diameter, flow rate, and air velocity through the nozzle for both Earth

and Mars environments,

1. Nozzle Diameter

The "inertial parameter" ¥ for a circular nozzle impactor is defined by

the expression

%CVDP2
V=—TmDp (A-4)
n
where V = velocity of air in nozzle
Dp = particle diameter
p = absolute viscosity of air
Dn = nozzle diameter.
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The relationship between the inertia parameter and the collection effi-
ciency (percent) has been shown in previous reports. A conservative value
for the inertial parameter (which will yield 50 percent collection efficiency)

is
v=(.36)% = 129,
Using the relationship Q = VA and solving for V, the following can be written:

40
V= A-5
7 o

n

where Q = flow rate.

Substituting the value for V in the previous equation gives

o C4QD °

vy = P P
18uD_=D g

n " n

And solving further for Dn we have:
o 1/3
2 pCQD
P P

n- 9 u ¥

Values were computed for nozzle diameters under both Earth and Mars
conditions at particle diameters of 2. 5, 5, and 10 microns and at flow rates

of 5, 10, and 20 cfm. Substituting the following values and making a sample

calculation,
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= 1.2 g per cm2

o)
P
C = 1.0 (Earth)
C=1.11 - 1. 44 (Mars) (a function of particle size)
Q=10cfm=4.72x 103 cm3 per sec
D = 16 microns = 10-3 cm

el

M =1.4x 10'4 dyne-sec per cm2 (Earth)

u=1.6x 10-4 dyne-sec per cmz (Mars)

¥ = .129.
1/3
3 -3 2
D = 2x1.2x1.0x4.72x10" x (10 ™)
n 9x1.4x10 % xx x.129
Dn = 2.81 cm (10-micron cutoff, 10 cfm, on Earth)

The results of all of the nozzle-diameter calculations are shown in

2. Nozzle Velocity

Knowing the flow rate and nozzle diameter, it is quite simple to compute

the nozzle velocity using the aforementioned expression

V = -———Z—4Q .
ItDn

Velocity is used in a later section of this report for computing pressure
drops. Without going into any further detail, the results can be tabulated as
shown in Table A-IL
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Table A-I. Nozzle Velocity at Varying Flow
Rates and Particle-Size Cutoffs

Particle
Flow Rate (Q) Cutoff Nozzle Velocity
Planet (cfm) {(microns) (fps)
Earth 5 2.5 126
Earth 5 5 50
Earth 5 10 19
Earth 10 2.5 160
Earth 10 5 63
Earth 10 10 25
Earth 20 2.5 201
Earth 20 5 79
Earth 20 10 31
Mars 5 2.5 108
Mars 5 5 48
Mars 5 10 20
Mars 10 2.5 137
Mars 10 5 60
Mars 10 10 25
Mars 20 2.5 171
Mars 20 5 76
Mars 20 10 32

D. Pressure Drops

Typically, a blower will develop a specific pressure head at a particular
flow rate when connected to some fixed air-flow system, Such curves of
pressure versus flow rate are generally included in the literature published

by blower manufacturers concerning their blowers.

A-12



The pressure head developed by a blower must be equal to the resistance
or total pressure drop of the air flow system to which it is connected. In
general, an air flow system will have an increasing total pressure drop with
increased flow rate, whereas a blower will have a decreasing pressure head
with increased flow rate. Therefore, if total pressure drop and pressure head
curves are plotted on the same graph, their point of intersection will yield both

the flow rate at which the system will operate and the associated pressure head.

Figure A-3 is a schematic representation of the pneumatic collection sys-
tem as it was originally envisioned. This consists of a transport tube, impac-
tor, blower, exhaust tube, and aerosolizing device. The total pressure drops
computed herein are based on this configuration. The final design varied only

slightly in concept from that shown.

1. Transporf Tube
i

J
This tube was ass(&med to be 10 ft long for purposes of pressure-drop cal-

culations. Samples of ""Flexflyte'" light weight flexible ducting were procured
from the Flexible Tubing Corporation, Guilford, Connecticut. Pressure drops

for this iubing are based on the manufacturer's published air-friction chart.

This tubing has a construction of one-ply, Neoprene-coated Fiberglas
fabric over galvanized spring-steel wire helix, cemented and bound together

with coated Fiberglas cord.

Pressure drops for the transport tube determined from the manufacturer's
air-friction chart for the various combinations of flow rate and maximum par-
ticle size transportable are tabulated for Earth in Table A-II. Tube sizes

for these combinations are shown in Figure A-1.

The exhaust tube was assumed to be of a larger area so that the pressui'e

drop in it would be approximately one-half of that in the transport tube.

A-13
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Maximum Particle

Table A-II. Transport Tube Pressure Drop, Earth Conditions

by the equation

o
—

A-15

¥

Size Flow Rate AP-Transport Tube
(microns) (cfm) Inches HZO(Earth)
100 5 0.01
100 10 0.01
100 20 0.01
200 5 0.03
200 10 0.02
. 200 20 0.01
300 5 0.15
300 10 0.12
300 20 0.10
400 5 0.40
400 10 0. 35
400 20 0.30
2. Nozzle

the collection surface) is equivalent to the velocity pressure head of the air

stream passing through the nozzle® This pressure drop can be expressed

It is assumed that the pressure drop across the nozzle only (not including

{A-€)
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where AP = pressure drop

P1 = ambient air pressure
V = air velocity through nozzle
R = gas constant
T1 = ambient air absolute temperature.

The values to be substituted (for Earth and Mars respectively) and a

sample calculation are as follows:

P

R

2116 and 180 1b per sq ft

53.3 and 50 (approx. for air)
T, =520 and 510 R

g =32.2 and 12. 4 ft per sec2

V = 25 fps (at 10-micron cutoff and 10 ¢fm on
Earth for sample calculation)
2
AP = 2116 x (25)
. 2'x 32.2 x 53.3 x 520
AP - 0.74 1b per sq ft = 0. 14 inch HZO

. The results of all the calculations for a pressure drop across the nozzle

are shown graphically in Figure A-2.

3. Total System (Earth Conditions)

Estimates were made for the pressure drop across other components
of the air-flow system. In most cases, these estimates were based on a re-

lationship with known values.

The total pressure drops (at various combinations of parameters) of
the system were obtained simply by adding the computed values for the trans-
port tube and nozzle to the total of the estimates for the various other com-

ponents.

A-16 35



All of these total pressures were plotted on a graph of pressure versus
flow rate, and lines were drawn through points representing the same particle-
size collection range. Thus, sixteen lines were drawn for all combinations
of minima of 2.5, 4, 5, and 10 microns and maxima of 100, 200, 300, and

400 microns. These resulis are shown in Figure A-4.

E. Comparison of System Pressure Drops with Blower
Pressure Capability (Earth)

The axes of Figure A-4 were plotted to the same scale as two blower-
performance curves obtained earlier and reproduced here for comparison
(Figures A-5 and A-6é). This allows Figure A-4 to be superimposed on the
blower performance curves to determine the intersection points of the pres-

sure curves.

Upon doing this, it can be seen that it is impractical to attempt the col-
lection of particles as small as 2.5 microns with the Globe blower, since the
pressure drop is substantially higher than the pressure head. The intersec-
tion occurs at a low flow rate for the Benson blower--that is, less than 5 cfm.
The practical minimum-size particle collection for either blower is approxi-

mately 4 microns.

Computations were also made to determine the total pressure drop under
Martian conditions for a pneumatic collection system with the general con-
figuration shown in Figure A-3. The values for frictional losses in ducting,
reported in Section [I-D-1 were used. Figure A-7 is the summary of this
work. Also plotted on Figure A-7 are the pressure-drop curves for the
Globe Torrington and D & B blowers operating at 0.1 atmosphere. Intersec-
tion points show the capability of these blowers in terms of particle-size
range that can be collected on Mars and the resulting volume flovz rate.

The practical minimum collected particle size is 4 to 5 microns.

At 4 or 5 micron particle-size minimums, almost any of the maximums
shown could be chosen because they all intersect at reasonable flow rates.
However, other conditions involving design and size must be taken into ac-

count when selecting the operating range.
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Some typical values for a 5 to 400 micron diameter particle-size col-

Earth Conditions

Flow rate = 15 cfm
Blower = Globe
Pressure head = 2 inches HZO

Transport tube diam. = 1.3 inch

lection range at both Earth and Martian conditions are these:

Mars Conditions

Flow rate = 6 cfm
Blower = Benson

Pressure head = 0. 45 inch H,O

2

Transport tube diam. = 1.3 inch

Effluent tube diam. = 2. 3 inches Effluent tube diam. = 2.3 inches

Nozzle diam. = 2.0 cm Nozzle diam. = 1.4 cm

The last two values were cbtained by referring back to Figures A-1

and A-2.

1II., PRELIMINARY TESTING OF COMPONENTS

In the early stage of this program it was established that a motor,
blower, and gearhead motor would be required. Later, as the design be-
gan to formalize, transport tubing, latching mechanisms, etc., were re-
quired. Performance testing of this equipment is reported in the following

paragraphs.

A. Blowers

Flow rates, power consumption, and pressure drops were measured

at 1/10 atmospheric pressure (equivalent to Martian air density) for a Globe

model 2B-A3-851 d-c blower and a Benson model HP 2-2 a-c blower. Per-
formance curves for these blowers (at sea-level conditions) have been re-
ported previously in GMI Report No. 2326 and are reproduced as Figures

A-5 and A-6 of this report.

A-22
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The blower under test was placed in a vacuum ''tunnel' or chamber
with the blower inlet connected to the outside through a throttling valve
and flowmeter. The pumping and throttling rates were balanced to stabil-
ize the chamber pressure at 1/10 atmospheric pressure, and readings
were taken. This process was repeated at several flow rates and at the
no-flow condition. The data collected are tabulated in Table A-III, and

the results are shown in Figure A-8.

These curves can be used with pressure-drop curves of the Martian
collection system to determine operating characteristics of the system at
0.1 atmosphere. It is significant to note that the efficiencies of these units
designed for sea-level conditions fall off markedly with decrease in air den-
sity. This is a direct result of using a motor which is overpowered at these

conditions.
B. The Martian Blower Test

A Benson motor-blower unit was modified to improve its over-all effi-
ciency by replacing the unit's Hertner motor with a low-power Globe Model
No. 53A105-1 motor. This motor draws 5 watts under load and can operate
from a 115-volt, single-phase, 400-cycle power supply. Our previous tests
on the Hertner/Benson unit (reported in Paragraph III-A) had shown a power

consumption of 12 watts in a Martian-equivalent air density.

The modified Benson blower was tested in a vacuum chamber at 1/10 at-
mospheric pressure. The blower's designed speed of 22,000 rpm was ver-
ified using a Strobatac. Flow rates, power consumption, and pressure rise
were measured and recorded at several flow rates and at a no-flow condition.
These data are presented in Table A-IV, and the results shown in Figure A-9.
Use of a motor sized precisely for this application resulted in very good per-
formance and greatly improved efficiency. Some of the difference in shape
between the static pressure curve for this unit and that for the Hertner motor-
powered blower reccrded in Figure A-8 can be attributed to an air-flow re-

versing section at the blower exit; the earlier test unit did not have this featuare,

A-23
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Table A-"II, Data from Performance Test of Benson
Blower at Low Atmospheric Pressure

Flow Power Ambient Power
Rate Pressure Output Pressure Efficiency Input

(cfm) (inches HZO) (watts) (mb) (%) (watts)
0 0.580 0 100 0 11. 4
3.87 0.468 0.213 101 1.75 12.2
10. 27 0.419 0.505 99 4.00 12. 6
14.1 0. 384 0. 636 99.5 5.05 12. 6
. 20.3 0. 269 0. 642 100 5. 65 11. 4
23.5 0.170 0.470  100.7 4.27 11.0
27.3 regative --- 100 --- 10. 6

reading

0 4. 88 0 988 0 25. 6

Table A-IV. Data for Globe Motor in Benson Blower

Flow Pressure Power Ambient Power
Rate (inches oil Input Pressure Output Efficiency
(cfm) Sp. G. = 0. 935) (watts) (mb) (watts) (%)
0 0.527 4.9 101 0 0
2.19 0. 452 4.9 99.5 0.109 2.22
3.24 0.417 4.9 99.0 0.135 2.76
16.3 0.322 5.2 100.5 0.578 11.
. 22.2 0.171 4.9 100.0 0.417 8.
14, 41 0. 345 5.2 100. 0 0. 547 10.
10.12 0.375 5.2 100.0 0.417 8.00
7.45 0.393 5.2 100. 0 0. 322 6.20
5.72 0. 407 5.2 100.0 0. 255 4.9
4.72 0. 415 5.2 100. 0 0.217 4.17
A-24
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C. Globe A-C Axial Blower

In the interest of evaluating as many small blowers as possible, several
units were purchased (some surplus items at low cost) for examination and
testing. One of these was the Globe type SC (Part No. 19A-650-1) axial
blower. Because this type of blower develops a low differential pressure
{according to manufacturer's literature),testing was limited to determination
of power consumption and speed with no attempt at measuring air flow or

back pressure.

This unit was designed to run on 400-cycle, 115-volt, single-phase (with
capacitor) or three-phase power, and is rated at 30 cfm maximum or 0. §

inches HZO maximum.

Operating the unit on single-phase power (using a 0. 25-microfarad capac-
itor), the speed was measured at 10,800 rpm and power consumption at 8.5

watts.

Operating the unit on three-phase power, the speed was 10,600 rpm and
total power consumption was 11.1 watts. We noted that the wattage decreased

slightly when the air flow was blocked.
D. A Redesigned Centrifugal Blower

A Torrington Model No. 2-1/2 centrifugal blower was modified to redirect
the effluent air. Its purpose was to make the blower system much more com-
pact than the usual scroll design. A new housing was designed and fabricated
to fit the old blower wheel and motor and to cause the redirected flow of air,.
This housing was made to mate with the rest of the sampler and had an im-

pactor stage incorporated in it. Details are shown in Figure A-10.-

This blower was tested at Earth conditions,and measurements were made
of flow rate, pressure drop, and power consumption. Voltage input was held
constant. These data are tabulated in Table A-V and plotted in Figure A-11.

This blower wheel had the same dimensions and was of the same design as
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Table A-V. Data from Performance Tests on '"Redirected
Flow' Centrifugal Blower

Flow Power Power

Rate Pressure Input Efficiency Output

(cfm) (inches HZO) (watts) (%) (watts)

13.3 0.2 14.5 2.1 0. 31

12.7 0. 14.0 3.2 0.45
11.5 0. 45 13.7 4.5 0. 61
8.8 0. 13.2 5.5 0.72
7.0 0.9 12.6 5.9 0.74
5.7 1.05 12.3 5.7 0.70
3.0 1. 35 11.5 4.2 0. 48

0 1.7 11.2 0 0

the blower wheel in the Globe blower {Model No. 2B-3A-851) tested pre-
viously. Since the speed was the same, the performance curves for the
""redirected flow' centrifugal blower can be compared with the performance
curves shown in Figure A-7. This comparison shows that the redesigned
centrifugal blower developed considerably less pressure, with less air flow,

resulting in a much lower efficiency.
E. Haydon Printed-Circuit Motor

A rather recent development of the Haydon Instrument Company
(Waterbury, Connecticut) is a compact printed-circuit "Series 9100'" d-c
motor. Because this motor possessed a combination of small size, light
weight, high speed, and low power consumption, and because it may possi-
bly have several applications (with or without available gear trains) on the
Mars Microscope System, we decided to purchase one unit (without gear

train) for test and evaluation.

A-29

o4



®
1

N
)

Power

w
}

N

Efficiency

Static Pressure - inches H,O
oo
1

Static Efficiency - Petcent

N

[y
W]

Power - Watts

e}

5 10 15 <0

" Flow Rate - cfm

Figure A-1l. Performance Curves for Redesigned Centrifugal
Blower at a Standard Air Density of 0.075 1b/ft3

A-30

B I B BN b En R A BN AN I EE oD TR R B BN BN .
(s
i
-
i



The motor was connected to a variable d-c power supply and operated
at a no-load condifion. Readings of voltage applied were made with a
Triplett Model 630NA volt-ohmmeter, amperage with a Simpson Model
260 VOM, and speed with a General Radio Model 1531A Strobatac .
These recorded data and computed values of power consumption in watts

are presented in Table A-VI, and in graphical form in Figure A-12.

The measured values agreed closely with the manufacturer's data. The
nominal rating of this motor is 1.5 v, 0.25 a, 10,000 rpm, and weight (with-
out gear train) of 2-1/2 oz. A motor of this type (with gear train) was used

for driving an aerosolizer extraction mechanism described later in this re-

port.

F. Gaylord Reeves Motor

A 400-cycle, 26-voit, single-phase (with capacitor) motor was purchased
from Gaylord Reeves for testing and evaluation because of the high efficiency
claim made for this motor. A transformer was used to reduce the output
voltage of the Behlman "Invertron' 400-cycle power-supply voltage to the

required 26-volt level.

After a short operating time the motor became very hot and had to be
shut off. During this time, it was noted that power consumption was extremely
high at 75 watts, and thai the speed was over 22,000 rpm. This motor was

considered unsuitable for further use on this project.
G. Daystrom Size 8 Motor

Another motor purchased because of its very small size for possible use

in driving the wheels on the aerosolizer was a Daystrom Size 8 motor. This
again is a 400-cycle, 26-volt, two-phase (single-phase with capacitor) type
of motor, and was connected to the Behlman power supply utilizing the trans-

former.
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l Table A-VI. Performance Data on Haydon Series

9100 Printed Circuit Motor
i
Voltage Current Speed Power Consumption

' {v) (ma) (rpm) (watts)
0.72 135 4,800 0.097

l. 0.91 158 6,000 0.144
1.09 182 7,200 0.198

. 1.18 196 7,700 0.231

l 1.43 220 9,350 0. 315
1.75 272 11,250 0.476

I 2.07 330 13,200 0. 683
2.50 410 15,400+ 1.025

l 2.75 465 17,500 1.28

l 3.1 670 22,200 2.08
3.7 &20 25,900 3.03

. 5.0 1,180 33,540 5.90

1

®

I

1

1
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The motor ran at a speed of approximately 5,400 rpm and drew a power
of 2.5 watts. This power did not vary noticeably with the application of load

to the motor output shaft.

A speed reducer was purchased for this motor to achieve an output speed
of approximately 6 rpm. This combination was then eventually used to drive

the wheels of the aerosolizer unit.
H. Miniature D-C Gearhead Motor

A gearhead d-c motor (7/8 inch diam. x 2-5/8 inch long) was purchased
for evaluation for possible use in driving the wheels of the aerosolizer. This
motor, made by American Electronics, Inc. and similar to ones made by
Globe Industries, was designed for a nominal voltage of 27.5 v and an out-

put speed of 25 to 30 rpm.

The motor was tested at various voltages, and measurements were made
of speed and current consumption, both with and without the gearhead attached.
This provided an interesting comparison, which showed the power lost through
the gearhead. This power loss amounted to only 130 to 150 milliwatts at nom-

inal voltage, which represents approximately 8 percent of‘'motor input power.

The speed of the motor alone was observed at 12,000 to 14,000 rpm at
nominal voltage, and we can thus estimate the gear ratio at approximately

500 to 1.

The recorded data {and computed power values) are shown in Table A-VIL
Curves showing input current, power, and output speed with and without the
gearhead are shown in Figure A-13. Also shown are curves of power loss

in the gearhead and efficiency of the gearhead relative to input power.
I. Pressure Drop in Flexible Ducting

Measurements were made of the pressure drop across a 10-ft length of

various sized {1. 0 inch, 1.5 inch, 2.0 inch) Flexflyte flexible ducting at various
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flow rates for Earth conditions. It was found that pressure drops were ap-
proximately twice the published values in the manufacturer's literature.

The data from these tests are shown on Figure A-14 and recorded in Table
A-VIII, upper half.

The Martian pressure drops were computed using the expression {from
Marks, L.S. Mechanical Engineers' Handbook, 4th ed. New York, McGraw-
Hill, 1951, p. 267).

where P) - P, = pressure drop in psi

f = friction factor

L = length of tube in ft

S = specific gravity referred to water
Q = flow rate in cu ft per sec

D = diameter ofb tube in inches.

This equation was first used to determine the friction factor at measured
Earth conditions. The friction factor was then corrected by graphical means
to the lower Reynolds number for Mars, and the resulting pressure drops

were calculated. These calculated values are listed in Table A-ViIl, lower half.

J. Inflatable Righting Structure

During the period when the various components were being evaluated,
considerable thought was given to ways of utilizing the blower effluent to
orient or translate the aerosolizer-collector nozzle. It is interesting that
if an inflatable structure does not leak, the effluent air can be directed into
it without loss of operating efficiency to the collector. This is done by
placing an orifice that is larger than the aerosolizer nozzle in the effluent

air duct. When the operating cycle is initiated, the air will thus flow
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Table A-VIII. Data Recorded on Measurements of Pressure Drops Across
10 Ft Lengths of "Flexflyte'" Tubing, Standard Conditions

£8

i
I
i
Nominal Tube Size Flow Rate Pressure Drop in 10 Ft
l (inches) (cfm) {inches HZO)
' 1 10.5 1.68
1 8.3 1.03
1 3.46 0.15
' 1 10. 4 1.63
1-1/2 16.7 0.78
'. 1-1/2 12. 1 0. 40
1-1/2 6.9 0.11
. 1-1/2 16. 5 0.78
2 21.7 0. 21
2 16.0 0.11
l 2 9.1 0.03
. 2 21. 7 0.21
. Calculated Pressure Drop in Flexflyte
Tubing in Mars Atmosphere
! Elow Diameter ke Gelculated
' (cfm) (inches) (inches) psi {inches HZOE) Factor
10 2.04 35.3 0.00116 0.032 0. 045
l 30 2.04 35.3 0.0104 0. 28%& 0. 045
5 1.51 7.85 0.00130 0. 036 0. 045
. 15 1.51 7.85 0.0117 0.324 0. 045
l 5 1.00 1.00 0.0102 0.282 0. 045
' 10 1.00 1.00 0. 0408 1.13 0. 045
i
I



into the inflatable device until sufficient pressure is developed to force air
through the aerosolizer nozzle. The inflatable will remain in this pressur-

ized state without any additional expenditure of power,

The first device tested which employed this concept was simply a tor-
roid placed around the aerosolizer-collector nozzle at the end of the trans-
port tube. This torroid, when pressurized, unerringly positioned the noz-
zle for optimum sampling. A number of righting structures and the inflatable

tires used in subsequent models resulted from these early tests,
IV. CONSTRUCTION OF THE SAMPLING UNIT

When the preliminary calculations and some of the preliminary testing
had been completed, a sampling unit was designed and built. The purpose of
this unit was to test the pefformances of various components. In addition to
the one complete sampling unit, two alternate aerosolizers were built. Figure
A-15 is a sectional view of the basic system in its packaged state. The unit
is 10-1/4 inéhes long, 3 inches in diameter, and for the most part is fabri-

cated from aluminum.
A. Blower

The motor-blower unit used was manufactured by Benson Manufacturing
Company. It was chosen because it provided the highest static pressure for .
its size of any blower located, and because its size and shape permitted a
clean, compact unit design. A motor that operates this blower more effi-
ciently in a Martian environment was purchased and tested, as reported in
an early section of this report. This motor was compleiely interchangeable

with the motor supplied as standard equipment with the Benson blower.
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B. Impactor

The impaction stage is an aluminum plate with two rows of concentric
holes. The inner and outer row permitted passage of the blower influent
and effluent, respectively. Provision was made for a glass slide with a
specially-prepared surface to be attached to the center of this impaction
plate. The impactor nozzle had a throat diameter of 2 cm and was posi-
tioned approximately 1 cm from the impaction plate. The collector housing
separated at the interface of the impactor plate and nozzle, thereby pro-
viding ready access to the collected sample and making it possible to re-
place the impactor with some other collection device or to add a section

containing a processing or sample-transferring mechanism.
C. Housing

The general shape of the housing was suggested by the cylindrical blower
and by the cylindrical packaged state of the transport tube. Three-inch diam-
eter tubing was chosen because it was readily available and because its size
was compatible with the dimensions of components selected frum the analysis

section.
D. Transport Tubes

A specially-designed, light weight, highly-flexible transpor® tube was
built of helical spring wire coils covered with plastic film or plastic-coated
fabric. A number of combinations of coverings were tried to determine the
effect or desirability of their various physical properties. Consideration
was given to how readily they could be packaged, how resistant they were to
abrasion and pinhole formation, and how readily they could be fabricated into
tubular coverings for the helical coils to form the transport tubes. Elec- -
trically conductive films were also considered as a means of removing the
static charge which tended to buildAup on the tube and remove particles from

the air stream. The major requirement was to design a system of tubes

G/



which was 120 inches long when in use and only 2 to 3 inches long when
packaged. This compression ratio is an order of magnitude greater than
that attainable with commercially-available flexible ducting. The inner and
outer tubes were 1.3 and 2.5 inches in diameter respectively, in keeping
with the design parameters established in the preliminary calculations for

collected particles in the size range of from 5 to 400 microns.
E. Aerosolizers

Recognizing that the collectors' performance will greatly depend on the
aerosolizer, three aerosolizer units were fabricated. Each unit had some
advantages over the others. For instance, the unit shown in Figure A-16
utilizes the blower effluent to inflate a righting structure and to inflate the
tires to provide mobility. This utilization of the blower effluent costs nothing
in additional power. Since the unit should negotiate areas of very fine dust
and moderate physical barriers equally well, it was anticipated that the
nozzle-to-ground spacing would remain somewhere near optimum. The in-
flatable tires offered maximum bearing surface with minimum package vol-

ume.

Two alternate aerosolizers were built and tested in addition to the in-
flatable-tire mobile particle aerosolizer. The first is shown schematically
in Figure A-17. This unit is powered by a small, centrally-located electric
motor which is geared to an outer traction wheel. Directicn of motion is
perpendicular to the axis of the unit. The traction wheel consists of two
sections separated by a series of spacer bars which allow the aerosolizing
air stream from the nozzle to pass freely through the traction wheel. A
folding posifioning arm drags on the ground behind the unit keeping the noz-
zle oriented downward at all times. The flexible aerosol transport tubes

are attached to one end of the unit.
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Figure A-18 is a stylized drawing of a unit that was designed in an ef-
fort to capitalize on the proven performance of the many track-laying ve-~
hicles that are employed in uncertain terrain. In order for the unit to fit
inside the collector housing and at the same time nave a sufficiently wide
track base to assure good stability on the ground, the wheels were made
to slide on their shafts. The wheels are pushed out to their fully extended

position by four helical coil springs.

The flexible aerosol transport tubes are moimted on a member which
hinges behind the unit when it is inside the cylindrical housing (Figure A-19).
When the unit is ejected from the cylindrical housing, a spring pushes the
motor up, and ahother spring brings the flexible aerosol transport tubes to

a position between the tracks (Figure A-20).

An inflatable righting structure was fabricated for this unit, It was at-
tached to the electric motor of the unit and served to right or turn over the

aerosolizer unit when it landed upside down.

Preliminary tests showed that the inflatable structure would orient the
unit to its correct position. Later we determined that the axial-flow blower
would not si-upply sufficient pressure in a Martian environment to assure that

the structure would operate as intended.
V. EVALUATION OF THE SAMPLE-COLLECTION UNIT

When completed, the breadboard sample collection unit and the two al-
ternate mobile particle aerosolizer units were tested to evaluate 1) the mechan-
ical performance of the mobile aerosolizer over various types of terrain,

2) efficiency of the impactor, 3} efficiency of impactor-transport tube assem-

bly, and 4) the system's collection performance.
A. Mechanical Performance

As a result of the mechanical performance tests, the unit shown In Fig-

ure A-17 was eliminated from further consideraiion because it could not
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Figure A-20. Mobile Particle Aerosolizer in Extended Position
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negotiate obstacles more than 1 inch high and because its mechanical oper-
ation was seriously impaired by sand and small rocks. The other two units
performed approximately as expected and were deemed acceptable for

further consideration although small design modifications were necessary.

B. Impaction Efficiency

Impaction efficiency was determined by introducing known quantities of
Arizona road dust or fine sand into the impactor nozzle and weighing the
amount impacted. The collection efficiency for various runs ranged from
22 percent to 44 percent and averaged about 33 percent. The results for
Arizona road dust (ARD) and fine sand were about the same. The efficiency
data and several observations made at the time of the test are recorded be-
low in Tables A-IX and A-X.

Table A-IX. Tests Using Arizona Road Dust

Tare Gross Net Quantity
Weight Weight Weight Sampled Percent
(g) ~(g) (g) (g) Collected
0.2391 0. 2662 0.0271 0.100 27
0.2923 0.3306 0.0383 0.100 38
0.2702 0.2855 0.0153 0. 050 33

A very noticeable quantity of dust was evident in the blower effluent
at the time just after the dust sample was admitted to the collector inlet.
No quantitative evaluation of this dust was possible, but it appeared to be

a substantial percentage of the total sample.

Inspection of the impactor's surface under the microscope indicated
that the surface was not saturated with dust; hence it would have been able
to entrain a larger percentage of the available dust had initial contact been

made. The fact that only approximately 33 percent of either a 50 mg or a
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100 mg sample was coilected tends to substantiate the observation that a
majority of the particles are not being impacted. Dust accumulated on
the cavity walls between the nozzle and the impactor's surface indicates

turbulence in this area.

A second series of tests were run using very fine sand rather than

ARD.

Table A-X. Tests Using Fine Sand

Tare Gross Net Quantity

Weight Weight Weight Sampled Percent
(g) (g) (g) (g) Collected

0.2176 0.2395 0.0219 0.100 22

0. 2855 0.3149 0.0294 0.100 30

0.2851 0.3271 0.0420 0.100 42

Run 4 was made using a collector surface prepared 3 days before the
test, while runs 5 and 6 were made using surfaces prepared 30 minutes

before the test., The latter two were much stickier than the first.

It is apparent from these tests that the impactor is capable of collecting
approximately one-third of the very fine particles passing through the sys-
tem. Tests conducted using course sand will indicate a very high collection
efficiency provided the collection surface is sufficiently sticky to prevent

particle re-entrainment.

C. Impactor-Transport Tube Efficiency

The efficiency of the impactor-transport tube combination was deter-
mined in the same way as that of the impactor alone. The results of this
test indicate a collection efficiency of about 15 percent for both fine sand

and ARD.
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D. Sampler Performance Tests

A number of tesis were conducted to determine the quantity of particu-
late maierial that could be collected from various surfaces in a given
period of time by an aerosolizer having a given nozzle configuration. The
impactor was positioned horizontally approximately 4 ft above and 6 ft away
from the aerosolizer. The aerosolizer was held stationary at a predeter-
mined distance above the terrain by a ring stand. The samples were col-
lected on silicone grease coated gauze pads. Figure A-21 shows the results
of two tests conducted with the aerosolizer outlet 1.5 and 3 inches above a
surface of fine sand. The generally erratic nature of the data points for the
1. 5-inch curve results from the fact that the pads were saturated within
seconds after the test began. Figure A-22 shows the rate of collection for
the two test conditions. It is clear from these curves that a given impaction
surface will become saturated very rapidly and that large quantities of matér-
ial could be collected by continually providing a clean impaction surface. For
example, the 2-cm diameter impaction surface held about 90 mg of material,
or approximately 30 mg per cmz. This quantity was collected in less than
30 seconds withthe nozzle 1.5 inch above ground. At this rate, 1 gram of
material could be collected in 6 minutes if the collection surface was re-

placed at a rate of 6 cm2 per min.

During the evaluation of this sampling unit, several areas of less than
optimum performance were observed. The cumulative effect of these is the

15 percent collection efficiency. Since the unit is capable of collecting such

large quantities of sand in reasonable time periods, even at this low efficiency,

no attempt to make a substantial improvement in efficiency was warranted.
VI. DESIGN OF THE PROTOTYPE SAMPLER UNIJT

With the completion of the test program on the breadboard sampler, the
design phase for the prototype sampler was initiated. Several design changes
were suggested by the test‘program, These are discussed in the following

paragraphs.
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A, Aerosolizer

Figure A-23 shows an exploded view of the pneumatic-wheeled aero-
solizer-collector unit. The primary difference between this model and the
breadboard model is the dual collection feature, which enables the unit to
collect from either side, depending on which side is down. Gravity serves
to close the ports on the top side and open those on the bottom side. Because
of this two-sided collection system, no righting mechanism is needed. Col-

lection characteristics are the same as those of the earlier model.

A second design change involves the rigid, folding axel assembly. In
the breadboard unit the tires were attached only to one hub and bore against
the housing and upper righting structure; this allowed them to achieve a suf-
ficiently large bending moment to keep properly oriented. Since the new
model has neither the upper righting balloon nor sufficient housing area to
provide.a bearing surface, a rigid axel attached to both hubs is necessary.
The axels fold back against the aerosolizer housing for packaging, and ex-
tend out and lock in a perpendicular position when the tires are inflated. The
tires on this unit are fabricated from polyurethane-coated dacron and have
lateral treads of a similar material. This fabric is sufficiently rugged to

withstand any abrading it will receive in negotiating uneven terrain.
B. Transport Tube

The external transport ~1:_1J.be, which is also made from polyurethane-
coated dacron, provides an extremely tough, puncture-resistant shield for
the aluminized Mylar inner tube. This is important because a hole in the
inner tube would seriously impair the function of the collector, whereas a
hole in the outer tube would reduce its effectiveness only slightly. Both
tubes are cemented to an aluminum flange that can be easily attached to any

aerosolizer unit.
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Exploded View of Aerosolizer-Collector Unit
(Prototype)

Figure A-23.
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C. Blower Section

A Globe Industries No. 53A105-1 motor was purchased and adapted for
driving the Dean & Benson blower in a Martian atmosphere. This motor
was smaller than the Hertner motor normally used in the Benson blower
and required an adapter sleeve. The sleeve was made an integral part of
the air-reversing section. This air reversing section causes air from the
blower to flow outside of and in a direction opposite to the blower inlet air.
An electrical connector was added at the blower end of the section to pro-

vide power leads to various sampler components.

The Globe motor will drive the Benson blower at Martian air density,
but is not powerful enough to drive the blower at rated speed under Earth
conditions. A second blower section, using a Hertner motor and Benson
blower, was therefore designed and fabricated for test and evaluation pur-
poses at Earth's air density. The second blower section is both mechanically

and electrically interchangeable with the first.
D. Impaction Section

The impaction section (Figure A-24) is easily removed from the sampler
after the blower section has been removed from the nozzle section. The
impactor section consists of a short tubular portion which divides the air
flow (inlet air on inside and exit air on outside) and forms an air-tight con-
nection between the nozzle and blower sections. There is a spring-clip ar-
rangement to hold a gauze pad against the impactor plate. The actual spe-

cimen is collected on this pad.
E. Nozzle Section
The nozzle section (Figure A-24) includes the nozzle itself and the housing

or main body of the sampler into which the transport tubes and aerosolizer

are packed. The nozzle is 2 cm in diameter and has the central transport
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tube attached to it. The nozzle is mounted on spacers so that the blower's
effluent air can flow around the outside of the nozzle and enter the space be-

tween the central and outer transport tubes.
F. Cover Latching Mechanism

The cover was latched to the canister by means of two diametrically-
opposite sliding pins which engaged holes in the canister. These pins were
spring loaded to be normally withdrawn from engagement. Their spacing
was such that when the armature of an electro-magnet was inserted between
the pins they would be held in engagement with the canister. Thus, when the
electro-magnet was energized and the armature was withdrawn, the pins

disengaged, and the cover flipped off with the aid of an auxiliary flat spring.

This mechanism, shown in Figure A-25, was used on the early models;
but the final model employed a motorized cover and extraction device that

are described later.
G. Ejection Spring

We noted that when the transport tube and aerosolizer were packaged in
the canister:, a sizeable force was required to extract them. We therefore
decided to investigate the use of a spring to drive the aerosolizer and trans-

port tube out of the canister upon release of the cover. Use of a spring ap-

peared to have several advantages, such as simplicity, light weight, no power

required, no initiating or control functions required {other than release of

cover), low cost, and reliability.

Two schemes were consequently devised, and one was built for trial and
evaluation. The two are a coil-compression spring, and a constant-force

spring.
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Sampler Housing

Figure A-25. Sampler Unit Cover and Latching Mechanism

79




1. Coil Spring

A coil spring was designed with a diameter that allowed it to slip easily
over the outside of the transport tube and just slide freely inside the canister.
A loose sleeve was provided to slide inside the spring to prevent folds of
transport tube material from being pinched between coils of the spring. The
mean diameter of the spring was 2. 65 inches, and during packaging it was

compressed from a free length of 10-1/2 inches to one of 3-5/8 inches.

A series of springs was made, to provide forces in the range of 1 to

9 1b at the compressed length.

We discovered during testing that even the strongest spring did not have
enough force to overcome completely the friction between the coated fabric
of the tires and the canister's walls. Several attempts were made (such as
lubricants, slip liners, wrap-around restrainers, etc.) to reduce this fric-

tion, but none of them was completely successful.

2. Constant-Force Spring

A constant force spring or ""Negator' (Hunter Spring Company) resembles
in appearance the power spring used in clocks, but differs in design and ap-
plication in that one end of the coil is attached to the linearly-moving load
and the spring is forced to unwind from its normal tightly-wound condition

about an axle.

Several samples of '"Negator' springs were obtained from the Hunter

Spring Company in the force range of approximately 1/2 to 40-1b tension.

Figure A-26 shows how we planned to accomplish extraction of the aero-
solizer by using '""Negator' constant-force springs. However, it was decided
after evaluating the springs that this process could become somewhat com-
plicated, and that there was a danger of the spring fouling while winding onto

the axle.
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We also found that springs having sufficient force to extract the unit
were fairly bulky and increased the friction between the aerosolizer and
housing wall.

VI, SAMPLER EVALUATION AT LOW AIR DENSITY

A number of tests were conducted in an altitude chamber to evaluate the
performance of the sampling unit at an air density approximately equivalent
to that expected on Mars. The procedure used was similar to that used in
the tests conducted at standard conditions (see page A-52). This testing
was performed to allow a comparison of the sampler's performance charac-
teristics under the two conditions. The aerosolizer-collector and the im-
pactor were mounted so that they could be adjusted to any desired distance
above the surface to be sampled. The pan containing the target material
was mounted on a vibrating table to keep its surface level, thereby assuring
that the distance between the aerosolizer and the surface would remain con-
stant for the duration of the test. The samples were collected on gauze pads
saturated with silicone grease. These were weighed before and after each
test to determine the quantity collected. A number of runs were made with
the aerosolizer positioned from 0 to 3 inches above the surface to determine
the optimum position for the aerosolizer, and to determine the effect of this
spacing on the quantity of sample collected. One run was also made at stand-
ard conditions to assure that the collector was still performing as reported

earlier,

The data collected during this test are recorded in Table A-XI and are
represented by the solid lines in Figure A-27. Some of the data reported
in Figure A-21 are indicated by the dash line for purposes of comparison.
It is evident from the low air-density curves that (all other factors equal)
the sampler will collect essentially the same quartity of sand whether the
blower is driven b:y the 5-watt Globe motor or the 12-watt Hertner motor.
This was predicted from theory and from the motor performance tests. It

is also evident that placing the aerosolizer less than 1 inch from the sand
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does not increase the quantity of sand collected per unit of time. This was
not the case at standard conditions, where the sampler was saturated in

less than 15 seconds at a distance of 1 to 1.5 inches. We observed after
each run in the altitude chamber that more than 1 gram of sand had settled

in the transport tube. This indicates that the aerosolizer-collector is func-
tioning properly, but that there is not sufficient energy in the air-stream to
keep the particles air-borne. Because the setiling velocity of a particle is
directly proportional to the gravitational force, it is reasonable to expect
that several times as many particles will reach the impactor during sampling
on Mars. This conclusion is further supported by the lcurve for Arizona road
dust, where the particles are so small that essentially all of those picked up

are transported to the impactor.
VIII. MODIFICATION OF THE PROTOTYPE SAMPLER UNIT

In addition to its collection performance, the mechanical performance of
the sampler was tested extensively. As a result of these tests, some modi-

fication to improve its mechanical performance appeared desirable.
A. Aerosolizer Modification

Shifting the aerosolizer's center of gravity forward of the wheel was
found to greatly improve the unit's ability to negotiate obstacles. This center
of gravity shift was accomplished by replacing the drive motor with a shorter,
lighter motor and by installing this motor ahead of the tires. The motor, gears,
and associated mounting assemblies were housed in a reversed position to al-
low the axle to be moved near the center of the housing. Details of the modi-

fied aerosolizer are presented in Figure A-28.

A second change in the aerosolizer unit involved the folding axle. In the
original design, the axles extended from a point near the forward end of the
housing. Air pressure in the tires acting against the housing only at the after

side of the tire thus produced a fore-aft bending moment in the axle. This
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Figure A-28. Exploded View of Aerosolizer-Collector Unit
(Modified)
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moment, combined with the vertical moment induced by the unit's weight,
dictated that a rigid locking axle be used. When the axles were moved to
a position near the center of the housing to improve balance, the fore-aft
moment was eliminated. Therefore, an axle was required that was suffi-
ciently rigid to overcome only the vertical bending moment. An axle as-
sembly having no moving parts and incorporating a highly prestressed coil
spring as the axle was built and tested. This assembly provided the re-
quired reliability and rigidity and allowed the axles to be folded against the

housing for packaging.
B. Aerosolizer Extractor Mechanism

It was originally intended that the aerosolizer be ejected from the canis-
ter by a spring arrangement. Several springs of two different types were
tested. Test results indicated that, at best, the springs would barely force
the aerosolizer clear of the canister. Because the springs were very unre-
liable and would not project the aerosolizer the desired distance from the

canister, a more reliable ejection system was built. This system consists

primarily of a printed-circuit d-c motor driving two ball-bearing jack screws.

The ball nuts are mounted on opposite sides of the canister, whereas the
motor and the ends of the two jack screws are mounted on the canister cover.
The motor drives the screws by a roller chain and sprocket arrangement.
Two fingers are mounted on the cover and extend into the canister, hooking
behind the aerosolizer. When the cover is withdrawn from the canister by
the motor and screws, the two fingers pull the aerosolizer from the canister

and drop it to the ground. The assembly is shown in Figure A-29.
C. Sample Collection Stage

The original sampler design provided collection of approximately 100 mg
of material on a sticky surface mounted on the impaction plate. For testing
and demonstrating the unit, it appeared desirable to provide both a larger

collection capacity and easier access to the acquired sample. This was
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accomplished by directing the air flow through an appendage where the parti-
cles are removed by a filter. Access to the collected sample is afforded by
a door at the end of the external filter housing. Details of this device are
shown in Figure A-30. This filter unit is completely interchangeable with

the impactor stage, so no modification of the sample unit was required.
D. Photographs of Modified Unit
Figures A-31 through A-35 are photographs of the sampler unit that
embodies the above-mentioned modifications. The unit was tested and
operated satisfactorily under laboratory conditions.

IX. DRAWINGS

A complete set of drawiﬁgs are included in Appendix C to comply with

the contractual requirement for submitting shop drawings of the sampler unit.
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APPENDIX B

BIOLOGICAL SUPPORT STUDY
1. INTRODUCTION

During the eight months of this project's extension, our biological labor-

atory carried out investigations in the following areas:
1) Aerosolization and collection of soil microorganisms
2) Evaluation of various high density fluids that can be used

for separating biological materials from dusts and soil by
flotation

3) Determination of the minimal and optional quantities of flo-
tation fluids for processing given quantities of dust and soil

4) Treatment of the dust and soil samples to facilitate purifica-
tion of biological material by density flotation

5) Techniques for rapid detection of microorganisms in aero-

solized dusts and soils.

In every phase of this work the biological laboratory attempted only
those expenments -which would aid in the conception, design, fabrication,
and operation bf a sample collector-processor. Since this was not designed
as a cofnprehen;sive and basic study of biclogical phenomena, many experi-
ments which could have been conducted were not undertaken. Instead, the
time limitations and the need of applying biolcgical information to an engin-
eering project directed our efforts to developing operational hardware that

would be applicable to the problem at hand.
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II. AEROSOLIZATION STUDIES

Trials were performed to determine quantitatively the microorganism-
particle size relationship in aerosols generated from different soil surfaces
and the persistence of such aerosols. The laboratory arrangement is shown
in Figure B-1. A given sample of soil was distributed over the surface of
a table. The soil was aerosolized by the exhaust air (15 cfm) from a small
blower mounted 12 inches above the table. Two different samplers were
used in conjunction with this study. These were the Andersen sampler(l)
and the Cassela sampler. (2) This work and all similar aerosolization studies

were performed in our ''clean room'', where aerosols could be removed

between trials by frequent air changes.

A. Experiments to Determine Microorganism-Particle
Size Relationship

The Andersen sampler was used in the experiments to determine quan-
titatively the microorganism-particle size relationship. The exhaust air
from the blower was directed against the sample for a period of 3 minutes,
and concurrently 3 ft3 of air were sampled by the Andersen sampler (1 cfm).
After incubation of the Andersen plates, we determined the relative number
of organisms aerosolized and the particle-size distribution of the biological

aerosol. These data are summarized in Table B-1.

The data suggest that a biologically rich aerosol can be generated from
dry sands and soils with relatively low-velocity air streams, and that much
of the biological matter is contained in the 4-micron and above size range

of particles.

1. Andersen, A. A. New Sampler for the Collection, Sizing and Enumer-
ation of Viable Air-BorneBacteria , J. Bacteriol. Z.(l: 471-484. 1958,

2. Bourdillon, R. B., O. M. Lidwell and J. C. Thomas. A Slit Sampler

for Collecting and Counting Air-Borne Bacteria , J. Hygiene 41: 197-
224. 1941. o
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Table B-I. Microorganism-Particle Size Relationship
Obtained by Aerosolizing Various Dry Soils

Number of Microorganisms in a 3 f‘t3 Air Sample

Count per Particle Size Interval

Type of
Soil 210 u 6-10 W 4-6 0 2-4pu 1-2p <lp Total Count
Sand No. 1 47 24 15 11 5 0 102
Sand No. 2 420 160 97 24 14 20 735
Gravel 84 221 185 91 - 13 10 604
Asphalt 31 15 7 6 12 5 76
Mulch 53 72 61 93 326 516 1121
Field Soil 48 36 18 16 5 8 131

B. Experiments to Determine Persistence of Aerosols

Furthgr experiments were conducted to determine the persistence of
aerosols generated from different soils. In these experiments, a Casella
sampler sampling at a rate of 1 c¢fm for a 5-minute period was used together
with an aerosolizer-blower which could be turned on during the sampling
for varying periodé of time ranging from 5 seconds to 5 minutes. The rela-
tive number of viable organisms per ft3 which remain air borne was deter-
mined for each consecutive minute of the sampling period. These data are
shown in Table B-IL |
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Table B-II. Persistence of Viable Organisms in Aerosols
Generated from Various Dry Soils

Type of A%Iigvsvzliz-er Count per ft3 for Each Sampling Minute
Soil On Period  1lst min _2nd min 3rd min 4th min 5th min

Sand No. 1 5 min 300 130 129 110 100
Sand No. 2 3 min 500 255 200 169 101
Loamy Soil 5 min 117 110 70 107 100
3 min 140 110 67 75 47

Sandy Soil 3 min 20 16 6 18 12
30 sec 11 13 21 28 24

5 sec 7 12 8 8 14

Gravel No. 1 3 min 8 11 13 4 2
Gravel No. 2 3 min- 8 8 6 9 8

‘These trials demonstrate that microorganisms aerosolized by blowing
air against a dry surface persist in the air-borne state for a considerably
period of time after the air blast terminaﬁ:es. They also demonstrate that
the initial minute of sampling usually yields the highest count. This indi-
cates the desirability of initiating the sampling process as soon as or even

immediately before the aerosol is generated.

Several final experiments on aerosolization and collection are summarized
in Table B-III. In all these trials, one-type of sand having a viable count of
103 organisms per gram was used. The variable tested was duration of the
aerosolizing blast. Both particle-size distribution and persistence of air-
borne viable organisms were measured. (The experimental arrangement

was again as shown in Figure B-1.)
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Table B-III. Persistence and Particle-Size Distribution of Air-

Borne Microorganisms from Aerosolized Sand

Count per ft3 for Each
Sampling Minute

On Period >10u 6-10p4-6p 2-4u 1-24 <1y min min min min min
5 sec 306 20 32 18 8 14 220 79 29 18 4
30 sec 555 101 138 44 3 4 145 81 46 21 12
1 min 262 166 72 72 17 5 250 88 29 15 10
3 min 392 102 65 28 16 4 139 109 100 56 25
5 min -- 56 120 61 17 9 200 129 122 82 170

30 sec on, 108 169 37 39 11 27 -- -- -- - -
30 sec off,
fer 3 min

1 min on, 342 102 61 22 38 10 200 127 96 90 12
1 min off,
for 3 min

Blower off 45 - 30 29 12 9 14 8 7 5 7

III. EVALUATION OF FLOTATION FLUIDS

On the basis of theoretical reasoning, an ideal density—fiota.tion fluid

would have the following characteristics:

1)

2)

3)

4)

6)

Density intermediate between the heavier microorganisms (=i. 5}
and the lighter nonviable particles (=2, 0)

Low viscosity to permit rapid sedimentation of the dense frac-
tion

Low surface tension to avoid indiscriminate trapping of par-
ticles at the air-liquid interface

Ability to retain biollogical material in suspension

Compatibility with the viability and/or enzymatic activity of
microorganisms normally found in the environment

Non-interference with microscopic observation by visible
light, phase contact, darkfield illuminatior, or ultraviolet.
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Ideally, density flotation should simultaneously accomplish both puri-
fication (i. e., separation of biological from nonbiological particles) and
concentration (i. e., retaining all of the biological fraction from a relatively
large dust sample in a relatively small portion of liquid). Ewven if both ob-
jectives cannot be met in a single-step procedure, a suitable flotation fluid

should permit their accomplishment by a two-step process: purifying in one

RN 2 S Em W

liquid and concentrating the purified biological fraction in a smaller volume
of another immiscible liquid, for which the biological fraction has a higher

partition coefficient.

The criteria listed above describe an ideal fluid for a terrestial labora-

tory. In order to be useful for the Mars Microscope System, several other
criteria must be met, among them stability, low volatility, low freezing point,

ability to be sterilized, safety, etc.

Table B-IV lists the flotation fluids evaluated during this study. Using
these fluids, attempts were made to purify and concentrate the native micro-
flora from a variety of dusts and soils, and to detect specific indicator or-
ganisms artificially inoculated in known concentrations. In certain trials the
soils were added directly to the flotation fluid; in other trails the soils were
aercsolized, then collected and purified. Most of the experiments involved
culturing of microorganisms before and after purification, but some trials
were based on microscopic counting of known biological particles artificially

added.

Since the fluids were evaluated by a variety of techniques during the course
of several months, it would be inaccurate to compare one toanother on the
basis of the data presented. On the other hand, the data do permit an ade-
quate evaluation of any given fluid under the condition of a given test proce-

‘ dure. Consequently, the laboratory techniques employed for three series of
tests are presented in some detail below and diagramed in Figure B-2.
1) Single-System Flotation Experiments. The soil was mixed with
the flotation fluid, and a sample was taken for culturing or
microscopy. The system was then centrifuged until the super-
natant was visibly clear. A sample of the supernatant was then

cultured or microscopically examined. Representative data
from these experiments are shown in Table B-V.
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Table B-1V. Flotation Fluids Tested

Density
Density (g/ml)
Water 1.00
) Glycerol 1.26
Ludox HS (Colloidal Silica) 1.21
Glycerol-Ludox Mixtures 1.23
Carbon Tetrachloride 1.59
Carbon Disulfide 1.26
2-Bromopropene 1.31
Tricholoroethylene 1.46
Chloroform 1.49
Lead Nitrate (20 percent). 1. 20
Silver Nitrate (25 percent) 1.25
Cadmium lodide (25 percent) 1. 25
Cadmium Chloride (25 percent) 1.26
Lactic Acid 1.25
Pyruvic Aldehyde 1.26
Lactate-Pyruvate Mixtures 1.25
Thioglycollic Acid 1.32
Silicone Oils 1.20
Silicone Tetrachloride 1.52
Antimony Trichloride 1.52
Sodium Chloride (26 percent) 1. 19
Magnesium Sulfate (20 percent) 1.22
F‘C43 (Fluorochemical) 1.77
FC75 (Fluorochemical) 1. 88
Kel F1 (Polymer Oil) 1.84
Kel F5 (Polymer Oil) 1.93
Kel FlO (Polymer Oil) 1.96
2-Bromoethanol 1.77
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2) Immiscible Dual-Fluid System. The soil was aerosolized and
collected in either water or glycerol in a liquid impinger.
The mixture was then layered over a dense, immiscible fluid,
and aliquotes were taken from the top, middle, and bottom of
the system for microbiological counts. Replicate tubes were
then centrifuged. After the top layer had been visibly clari-
fied, aliquotes of the system were again assayed for biological
particles. Representative data from this series of experiments
are shown in Table B-VIL.

3) Extraction from Flotation Fluids. The soil was mixed with the
flotation fluid (either directly or after aerosolization). The
flotation fluid was then extracted with water or a detergent solu-
tion by shaking and permitting the aqueous layer to rise. With-
out further treatment, samples of the top (aqueous layer), mid-
dle (interface), and bottom (sediment) fractions of the tube were
examined for biological particles. Replicate tubes were sampled
after centrifuging. Representative data from this series of tests
are shown in Table B-VIIL.

These data suggest that there are several feasible ways in which flota-
tion may be incorporated into a purification-concentrating system for bio-
logical particles. For large entities such as rust spores, simple mixing
of the aerosol with (or collecting the aerosol in) any fluid with the proper den-
sity (=1.5) followed by a brief centrifuging period was sufficient to concentrate
a purified biological fraction at the meniscus. For the smaller microorgan-
isms, which requiré significant purification and concentration before they
can be observed, a dual-fluid system might be necessary. Extraction after

a centrifugation process worked extremely well in the laboratory.

Investigation of the new high-density fluids (fluorochemicals and the poly-
mer oils) has shown that they can be applied well to the problem of biological-
particle purification. It appears from the literature on these materials that
their physi_ca_i and chemical properties would also render them promising

for space-exploration work.

The most serious d_ifficulty encountered with these materials is their in-
ability to hold biological particles in true suspension. Otherwise they com-

ply with all of the criteria outlined for ideal fluids.
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IV. DETERMINATION OF MINIMUM VOLUMES OF FLUIDS
REQUIRED FOR FLOTATION

Once the flotation process had been demonstrated as feasible in princi-
ple, it was necessary to obtain information about the appropriate volumes
of flotation fluids and overlay fluids required for the process. A series of
experiments was performed, testing various ratios of fluids and various

quantities of soil; these data are summarized in Table B-VIII.

It should be pointed out that these values are based on '"batch" centrifu-
tation trials in individual sample tubes. Consequently, any losses of biolog-
ical material on the walls of the tubes, which were not recovered in the ex-
traction step, could result in a significant variation that would not necessar-
ily be encountered in a continuous separation process. This loss would be
particularly marked when extremely small quantities of extraction fluid were

employed.
Nevertheless, these trials led to the following conclusions:

1) Satisfactory flotation can be accomplished when 3 ml of
fluorochemical are used to process 1 g of soil;

2) This volume of fluorochemical after centrifugation can be
easily extracted with as little as 0. 01 ml HZO;

3) The only advantage gained by using more flotation or extrac-
tion fluid is convenience of handling in the laboratory.

V. TREATMENT OF SAMPLE TO FACILITATE FLOTATION

Under natural conditions, the microflora of soils and dusts are in-
timately associated with and often tightly attached to inorganic particles.
Therefore, any purification system which attempts to separate inorganic
particles from biological particles on the basis of density alone will be
handicapped by the sedimentation of much of the biological fraction which
adheres to the mineral fragments. Many attempts were made in our labora-
tory to dislodge the microorganisms from the inanimate particles to which
they are attached. The rationale was to generate a biological-nonbiological

suspension which could then be fractionated by density flotation.

B-16
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Essentially two basic treatments were employed: Ultrasonic vibration,
and the use of detergents. A summary of these trials is presented as
Table B-IX. It was possible to increase the viable count in the treated sam-
Ples by a combination of detergent and ultrasonic application. However, the
increased yields are probably not worth the expenditure of energy in a power-
limited Martian probe. Other trials showed that if these treatments are not

carefully controlled, germicidal effects occur.
VI. RAPID DETECTION STUDIES

Several miscellaneous experiments were performed in the area of bio-
chemical and microscopic detection of bacteria after purification. It was
possible to pass the aqueous overlay from flotation systems through mem-
brane filters after centrifugation and to stain the microorganisms directly
on the filter. Using known organisms of definite and recognizable morphol-
ogy (e. g., Sarcinal and Streptococci), it was easy to demonstrate the rela-
tive degree of purification accomplished. It was extremely difficult, however,
to detect microscopically the presence of indigenous organisms less than
5 microns in diameter from native soils, even after purification. Mold spores
and rotifier microcysts (=5-micron diameter) from these soils were easily

recognized.

In certain trials, resazurin or tetrazolium solutions were used as ex-
traction fluids in an immiscible flotation system. With soils containing ap-
proximately 104 organisms per gram, color changes in the clear supernatant
were evident after 2.5 hours. Although this work was not extensively pursued,
we believe that there is promise in a biochemical detection system in which
the microbial fraction of soils and dusts can be retained in a small volume of

indicator medium purified to a light transmission of =90 percent.
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VII. SIZE FRACTIONATING BIOLOGICAL MATERIAL

A study was made of ways to fractionate the biological material into
several different particle size ranges for the purpose of facilitating micro-
scopic examination. The size ranges chosen were =100 microns, 100 to

10 microns, and <10 microns.

The biological material used in these experiments was a mixture of
rust spores, mold spores, and Bg that had been purified from inorganic
particulate contamination by means of the density-flotation procedure de-
scribed previously. After purification, the biological material was removed
from the top of the suspension liquid (FC75) by resuspending it in an over-

lay of water.

The approach taken was to filter a sample of the purified biological
material suspended in water through two successive screens having nominal
opening sizes of 100 and 10 microns. The actual opening sizes determined
by microscopic measurement were 95 x 80 microns for the coarse screen
and 10 x 10 microns for the fine one. The filtration apparatus is illustrated

in Figure B-3.

Because of its high surface tension, the water did not pass readily through
the fine screen. Several attempts were made to rectify this problem. These
were 1) adding a detergent to the water, 2) centrifuging the screen holder at
speeds up to 1800 rpm, 3) vibrating the screen holder at 60 cps, 4) connecting
the lower end of the screen holder to a vacuum system (water aspirator), and
5) replacing the 10-micron screen with a 15-micron screen. Of these meas-

ures, only the latter two were satisfactory.

In the particular sample of biological material analyzed, there were no
particles larger than 100 microns. All particles therefore passed through the
first screen. Essentially all particles except the rust spores passed through
the second screen, whether the screen's opening was 10 or 15 microns. The

reason for this was that there were no particles in the 5 to 20-micron size range.

These experiments demonstrate the feasibility of size-fractionating larger

biological material by use of screens.
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